A total of 5349 subjects aged 40 or above presenting for general ophthalmic examination were screened for pseudoexfoliation syndrome and pseudoexfoliation glaucoma. Each patient underwent complete ophthalmologic examination including ocular history, visual acuity testing, slit-lamp examination, applanation tonometry, optic disc evaluation, visual fi eld analysis, and gonioscopy if glaucoma was suspected. Exclusion criteria were pseudophakic and/or aphakic patients of any age, patients with concomitant congenital eye disease, and patients with very dense ocular media opacities. Out of 5349 patients examined, there were 1994 (38.38%) males and 3201 (61.61%) females. Th e prevalence of pseudoexfoliation syndrome was 3.6% and primary open angle glaucoma 9.4%, out of which 23.6% with pseudoexfoliation glaucoma. Th e fi ndings of this study improve our knowledge of pseudoexfoliation syndrome and pseudoexfoliation glaucoma in Croatia, particularly in the northwest region.
Introduction
Pseudoexfoliation syndrome (PXS) is an aging-related systemic disease with cardiovascular and cerebrovascular morbidity [1] [2] [3] and hearing loss 4, 5 but only ocular manifestations. It is the single most important risk factor for glaucoma worldwide and a major factor predicting glaucoma progression 6 . Th e reported prevalence of PXS varies extensively in diff erent population-based studies from 4.0% in England, 4.7% in Germany, 6 .3% in Norway 7 , 23% in northern Sweden 8 , 1.81% in Pakistan 9 , 1.49% in India 10 ,10.7% in Iceland 11 , 16 .1% in Crete (Greece) 12 , 26% in the Bantu of South Africa 13 , 7.10% in South Kashmir 14 , 12.2% in Anatolia (Turkey) 15 , 25.5% in Estonia 16 and 6.5% in Spain 17 . Even within a country, the prevalence varies from one region to another because of diff erent types of patient groups examined, therefore many results are incomparable.
Th e incidence of PXS roughly doubles each decade of life after the age of 50 18 . Since PXS has been linked to multiple pathological entities of the eye including glaucoma, cataract, perioperative complications during eye surgery [19] [20] [21] [22] [23] [24] and postoperative complications after cataract surgery 25 , it is of utmost importance to recognize ocular manifestations of PXS. Pseudoexfoliation (PEX) at baseline was identifi ed as an independent risk factor for primary open-angle glaucoma (POAG) and relation between increased intraocular pressure (IOP) and PXS was established in diff erent studies 26, 27 , suggesting obstruction of the aqueous humor outfl ow. Exposure to PXS and a mean IOP ≥25 mm Hg increases the risk of POAG 56-fold 28 , indicating a high prevalence of POAG in a population with a high prevalence of PXS. POAG in PXS has been shown to have a more serious clinical course than POAG without PXS 29 . Higher age, positive family history 30, 31 , high myopia, increased IOP together with PXS have been associated with a higher incidence of POAG. With the increasing number of elderly in the population, an increase of POAG and pseudoexfoliation glaucoma (PXG) is expected in the future.
Th e prevalence of POAG, PXS and PXG in northwest Croatia is unknown and has never been analyzed before. According to data of the Association of the Blind and Visually Impaired of Northwest Croatia, 25% of blindnes cases are caused by glaucoma.
Patients and Methods
Th is hospital based prospective study was carried out at the Department of Ophthalmology, Dr Tomislav Bardek General Hospital in Koprivnica, northwest Croatia, from December 2012 to October 2013. Th e study was carried out in adherence to the tenets of the Declaration of Helsinki. Th e study protocol was reviewed and approved by the Ethics Committee of Dr Tomislav Bardek General Hospital.
Th e inclusion criterion was age ≥40 in all patients presenting to the Ophthalmology Polyclinic for various ocular problems. Exclusion criteria were pseudophakic and/or aphakic patients of any age, patiens with dense ocular media opacities, and patients with concomitant congenital eye disease. A total of 5349 patients aged ≥40 were examined and screened for PXS and PXG. All patients underwent detailed ophthalmologic examination including ocular history, visual acuity testing, slit-lamp biomicroscopy for evidence of pseudoexfoliatory material on the edge of the pupil or lens, applanation tonometry and indirect funduscopy. In patients suspected of glaucoma and/or diagnosed with PXS, an additional examination was carried out including gonioscopy and visual fi eld testing. Functional glaucoma testing was used to diagnose PXG, considering that at the time of the study optical coherence tomography device was not available, although it is an inevitable structural diagnostic tool required for detecting early structural optic nerve head changes.
Th e criteria for glaucoma suspected group were IOP ≥23 mm Hg, focal glaucomatous disc change (disc hemorrhage, notch of the neuroretinal rim, marked sloping of the rim tissue, narrowest remaining rim of 0.1 disc diameter or less), cup to disc ratio asymmetry (≥0.3) and vertical cup to disc ratio (>0.8). Th e criterion used to diagnose PXS was the presence of pseudoexfoliatory material on one or more anterior segment structures. Th e criterion for diagnosing PXG was the presence of pseudoexfoliatory material on one or more anterior segment structures with or without raised IOP in the presence of visual fi eld defects compatible with glaucoma. Th e c 2 -test was used to assess diff erences in the prevalence of diff erent glaucoma related diagnoses according to age, gender and PXS groups. Furthermore, c 2 -test was used in the analysis of PEX prevalence diff erences according to age and gender. All p values below 0.05 were considered statistically signifi cant. MedCalc Statistical Software version 13.0 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2014) was used in all statistical procedures.
Results
Out of 5349 patients examined, there were 1994 (38.38%) males and 3201 (61.61%) females. Distribution of patients according to age groups is shown in Table 1 . Study patients were classifi ed into groups as follows: 1) healthy subjects without glaucoma (WG); 2) glaucoma suspected group (GSG); 3) primary open-angle glaucoma (POAG); 4) primary angle-closure glaucoma (PACG); and 5) secondary glaucoma (SG).
Diff erences in the prevalence of various glaucoma related diagnoses in study patients according to gender are shown in Table 2 . Only one signifi cant diff erence was noted, i.e. PACG was more prevalent in female gender as compared with male gender (4.81% vs. 4.01%, p=0.003). All other glaucoma diagnoses were equally distributed in both genders. Age diff erence in the prevalence of various glaucoma related diagnoses showed that glaucoma suspected diagnosis, POAG and PACG were signifi cantly more prevalent among older patients (p<0.001). Patients without glaucoma disease were signifi cantly more prevalent in younger age groups (Table 3) . Diff erences in the prevalence of POAG according to age groups are shown in Table 4 . Age-specifi c prevalence distribution in POAG group showed an increase from 2% in the 40-49 age group to 67.9% in the ≥70 age group.
A total of 5349 patients were examined for PXS and PXG. Th e prevalence of PXS was 3.6% and of POAG 9.4%, of which 23.6% of cases had PXG. Age and gender diff erences in the prevalence of PXS are shown in Table 5 . PXS was signifi cantly more prevalent in older age groups; more than 80% of patients with PXS were over 70 years of age (p<0.001). Th ere was no signifi cant gender diff erence (p=0.121). Table 6 shows diff erences in the prevalence of PXS according to particular diagnoses. Th e most prominent diff erences were recorded in the GSG and POAG groups (p<0.001). Th e prevalence of PXG in the PXS population was 63.3%. Th e GSG patients also showed a high prevalence of PXS (31.4%).
Discussion
Our study investigated the prevalence of PXS and PXG in northwest Croatia and their association with POAG. All our patients were Caucasians, which cor-responds to the demographic profi le of the country. In our study, the overall prevalence of POAG was 9.4%. Considering the studies of racial distribution and the highest prevalence of POAG in the black populations of all ages 32, 33 , this region may be considered to be at low risk. Our results are comparable with data of previous studies 34, 35 concerning age diff erences in the prevalence of POAG. In our study, the age-specifi c prevalence distribution increased from 1.4% in the 40-49 age group to 17.1% in the ≥70 age group. In the study by Rudnicka et al., the proven age proportional increase in the prevalence of POAG with age was highest in white populations 36 . Th e odds ratio per decade increase in age was 2.3 in our population, which is comparable with the mentioned study. We found no gender diff erences in patients with POAG but in those with angle-closure glaucoma it was 3 times more prevalent in female gender. Similar data have also been reported from previous studies 37, 38 . Th e study by Bojić et al. investigated the incidence of acute angle-closure glaucoma among residents of Dalmatia, the southern part of Croatia, and found the relative risk of developing acute angle-closure glaucoma to be 2.1 times higher in women as compared with men 39, 40 . We found the prevalence of PACG to be 0.9%. Such a low prevalence of PACG has been reported among Caucasians 41 . In our study, the prevalence of GSG patients was 4.5%. Th e GSG patients also showed a high prevalence of PXS. Such prevalence has previously been reported in the Reykjavik Eye Study 42 . Th e prevalence of PXS was 3.6%. Analyzing the results from other European countries on the prevalence of PXS 7, 8, 12, 17 , our results place the northwest Croatia population in the low risk group for PXS. We found no signifi cant gender diff erence but only age related diff erence among patients with PXS. Other studies showed a higher prevalence of PXS in women 8, 11, 43 , but the study by Susić and Brajković conducted in the population of the southern part of Croatia revealed no signifi cant gender diff erence in the prevalence of PXS either 19 . Pseudoexfoliation syndrome was signifi cantly more prevalent in older age groups and more than 80% of PXS patients were over 70 years of age. Similar data have been reported before 8, 11, 17, 43 . Th e increase in PXS was 66 times greater as compared with the 60-69 age group. A total of 119 (63.3%) patients in the PXS group exhibited glaucoma, while in the non PXS group only 7.4% of patients suff ered from glaucoma. Th ese data confi rmed the high prevalence of glaucoma in the population with PXS.
Given the aging of the population in Croatia 44 , further increase in PXS, PXG and POAG is expected in the future. Determination of the prevalence of glaucoma disease is important for each country in terms of healthcare planning and prevention of blindness, with particular reference to glaucoma disease and the elderly 45 . Th e data on the prevalence of PXS and PXG recorded in this study are the fi rst referring to the area of northwest Croatia. Th e benefi t of this study is that it was the fi rst such study performed in Croatia, especially considering the number of participants. Since we were unable to detect patients with preperimetric glaucoma because we could not use optical coherence tomography, we consider it a limitation of the study. Education of the population at large should be implemented, focusing on the importance of family history in all types of glaucoma 30 . To our knowledge, this was the fi rst study conducted in the northwest Croatia population to determine the prevalence of PXS, PXG, POAG and PACG. Th is study provided data for future studies and monitoring of the prevalence of diff erent types of glaucoma.
